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Abstract 
The paper details some of the published efforts in 
increasing the extrusion speed of magnesium. Alloy 
development, direct extrusion, hydrostatic extrusion and 
indirect extrusion are examined. Preliminary experiments 
into the effect of grain size on the extrusion speed of 
AZ31 are also reported. Modelling suggests refIning the 
grain size from 300 to 50f.1m doubled the extrusion speed 
however initial trials suggest this is closer to 1.5 times. 
Introduction 
The extrusion of magnesium alloys is not widely 
practiced despite the enormous potential that exists for 
application in such areas as the automotive and 
aeronautical industries. The slow extrusion speeds, which 
are commonly quoted as ranging anywhere from a 1110 
to 2/3 that of comparable aluminium alloys [1-3], hinders 
the development of extruded magnesium products. 
Background 
A number of means of increasing the extrusion speed of 
magnesium have been reported in the literature. The key 
avenues of investigation are briefly reviewed below. 
Alloy development 
Initial research into the development of new alloys has 
continued the focus on the well-known and relatively 
inexpensive Mg-Al-Zn alloy type. hI the work conducted 
by both Murai et al. [4] and Barnett et al. [2], speed 
increases of up to ~4 times have been achieved. This 
makes the new alloys comparable to the soft extruding 
aluminium alloys of 6061 and 6063. 
These speed increases were achieved by decreasing the 
aluminium content to 1% [2], and zinc content to 0.25% 
[4]. The effect of lowering the alloy content resulted in 
an increase in the incipient melting temperature, thus 
enabling faster extrusion speeds. 
The decrease in the aluminium content did however come 
at a cost of 50MPa to the room temperature tensile proof 
stress [2]. One possible way to compensate for this loss is 
to add manganese. hIcreasing the manganese content 
from 0% to 0.3% adds ~30MPa to the yield strength [4]. 
While these exciting new alloys are being developed it is 
prudent to continue using and optimising the current 
selection of alloys due to their known behavior and 
proven service history. 
Hydrostatic extrusion 
The application of hydrostatic extrusion to the current 
selection of magnesium alloys provides signifIcant 
opportunities to achieve the necessary increases in 
extrusion speed. It has been reported [3] that speed 
increases as high as 5 to 10 times those achievable in 
direct extrusion are possible for AZ31. 
The benefIts of this process over conventional direct 
extrusion pertain to the fact that nearly ideal lubrication 
conditions exist. The limiting of friction to the die cone 
and lands reduces heat generated due to friction and 
impedes the occurrence of incipient melting [3]. 
However the productivity gains achieved through faster 
extrusion speeds need to be balance against the added 
cost of pre-machining billets to remove oxides. The 
reload times are also slower than for conventional 
extrusion. The application of hydrostatic extrusion is also 
restricted to simple geometries due to the need for cross-
sectional symmetry [3]. 
Indirect extrusion 
hIdirect extrusion is characterized by the absence of 
friction between the billet surface and container. This is 
achieved by the die being affIxed to the end of a hollow 
ram [5]. 
Generally speaking indirect extrusion allows a twofold 
increase in billet weight and extrusion speed along with a 
30 to 40% decrease in the extrusion force compared to 
direct extrusion. However limitations to this process 
include a restricted product size range due to restrictions 
in the size ofthe hollow [5]. 
Extrusion limit diagrams 
The development of extrusion limit diagrams provide a 
simple graphical representation of the processing limits 
enabling easy comparison between the extrudability of 
different alloys. To generate the;e diagrams both fmite 
element analysis and analytical models may be utilised. 
The following work will focus on combining an 
analytical model generated by Barnett [2] with a series of 
compression tests. 
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Experimental Procedure 
The objective 
To express the influence that grain size has on the 
extrusion speed of AZ31 through the use of a simplified 
analytical model. 
Compression testing 
Extruded rods of AZ31 with grain sizes ranging from 3 to 
231lm were sectioned to generate compression specimens 
measuring 8.Smm in diameter by 12mm long. 
Each specimen was uniaxialy deformed at temperatures 
of300 and 400°C, using a true strain rate of O.Ols-1, up to 
a true strain of 0.5. It is important to note that the 
extrusion of AZ31 commonly occurs within the range of 
300 to 4S0°C 
Results and Discussion 
Examples of the flow curves generated from the 
compression tests are shown in Figure 1. It is clear that 
at these hot working temperatures refining the grain size 
decreases the strength. 
In an attempt to quantify the magnitude of this 
relationship the true stress at a strain of O.S is plotted 
against grain size in Figure 2. The accuracy of the results 
would be improved if testing had have been conducted to 
higher strains to ensure the steady state was reached. 
However, at higher strains the effect of friction becomes 
prohibitively high. 
By modifying an equation derived from Barnett [2], 
Equation 1 was developed to account for the effect of 
initial grain size on the flow stress. Figure 2 shows that 
the fit of this modified equation gives an acceptable 
representation of the experimental results. 
If it is assumed that the trend may be extrapolated up to 
coarser grain sizes it is possible to model the influence of 
grain size on the low temperature extrusion limit. 
To do this equation 1 is used in conjunction with an 
analytical expression for extrusion load developed by 
Sheppard [6]. The approach taken follows that outlined in 
Barnett et al. [2] and the limit curves are plotted in figure 
3. 
It is apparent that extrusion speed increases of ~2 times 
can be achieved through refming the billet grain size 
from 300 to SOllm. This shows the importance of careful 
control of both cast grain sizes and maximizing the grain 
refining effect of any pre-extrusions deformation. 
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Figure 1. Typical flow curves of selected specimens 
uniaxialy compressed at 300°C. 
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Figure 2. Influence of grain size on the stress at a strain 
of O.S and plot of equation. 1 
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Where (j = Stress at a strain of 0.5 
R = Gas Constant 
T = Temperature (OK) 
E = Strain Rate 
d = Initial grain size (11m) 
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Figure 3. Influence of grain size on the low temperature 
(press capacity) extrusion limit. 
To test the validity of these fmdings, a number of 
extrusion test were conducted A summary of the peak 
break-through loads are detailed in Table 1. A reduction 
in the initial grain size from 320 to 2311m resulted in a 
reduction in load of ~ 7%, which is significant but less 
than that calculated using equation 1, which predicted a 
difference of ~ 12% for this change in grain size. 
This discrepancy is not unexpected considering the 
limitations of the compression results which were fine 
grained, <23 11m, and tested to low strains. The 
extrapolation of these results to the coarse grains and 
high strains present in the extrusion trial introduced 
significant error margins into the model. Further work is 
being conducted to refme the current model. 
Table 1. Break through loads for selected extrusion 
conditions and initial billet grain sizes. 
500°C 400°C 
35mm1s 15 mmls 
320 11m 215KN 340KN 
23 11m 200KN 316KN 
Conclusions 
Increases in extrusion speed can be achieved through 
refmement of the billet grain size. Modelling suggests 
that a grain refmement from 300 to 50l1m could double 
extrusion speeds of AZ31. However initial extrusion 
trials suggest that this increase is closer to 1.5 times. 
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